INTRODUCTION {#sec1-1}
============

The quantitative acid-base studies of Stewart,\[[@ref1]\] show that three independent variables determine the hydrogen ion and the bicarbonate ion concentration: The strong ion difference (SID), PCO ~2~, and the albumin. Fencl and Leith\[[@ref2]\] divided the effect of SID on base excess into sodium and chloride (Na ^+^, Cl^-^) effect and albumin effect as well as developed equation to correct the BE for change in Na^+^, Cl^-^, and albumin. Several research groups have combined the BE approach with the Stewart approach to acid-base physiology. Balasubramanyan *et al*.\[[@ref3]\] called this approach to base excess as the Fencl-Stewart approach.

The metabolic acid-base disturbances can be diagnosed by comparing two commonly used diagnostic approaches, one relying on plasma bicarbonate concentration, and anion gap (AG), and the other on BE.

BE approach may not identify serious acid-base abnormalities especially, in critically ill patients, who are usually hypoalbuminemic. AG method can detect approximately 1/3 hidden "gap acidosis" in patients with normal plasma bicarbonate. In such conditions, when adjusted for hypoalbuminemia, Fencl-Stewart\'s approach, which is based on physicochemical principles, can reliably detect the hidden abnormal anions. Therefore, the key difference in Fencl-Stewart approach from other approaches is that it identifies as well as quantifies individual components of complex acid-base abnormalities, thus providing insight into their pathogenesis.\[[@ref4]\]

However, the complex and difficult to remember equation given by Fencl and Leith\[[@ref2]\] has been probably the reason for it\'s under use. Recently, the equation has been simplified by Story *et al*.,\[[@ref5]\] which is easy to remember and can be used mentally to analyze the acid-base status of patients especially, during ward round.

Hence, the aim was to evaluate the efficacy of simplified Fencl-Stewart equation in identifying the changes in acid-base status of sepsis patients following resuscitation with two different fluids.

MATERIALS AND METHODS {#sec1-5}
=====================

A prospective, randomized, interventional study was conducted in the intensive care unit of a tertiary level hospital. The study was approved by the departmental ethics committee. Three hundred patients of both sexes, age ranging between 20 years and 50 years, presenting with abdominal sepsis, requiring fluid resuscitation were enrolled for the study. Informed consent was obtained from the patient\'s relative. Patients with co-morbid valvular heart disease, congestive cardiac failure, chronic renal failure and in conditions where liberal fluid resuscitation was contraindicated were not included in the study.

The patients were randomly assigned into two groups the normal saline (NS) and the Ringer\'s lactate (RL) group. Block randomization was carried out so that each group receives equal number of patients (*n* = 150 patients). Fluid resuscitation was carried out with 20 ml/kg of NS or RL over a period of 30 min and the patients were monitored with multichannel monitor (Excello, seven parameters, BPL make).

Blood samples were collected from a separate venous access and radial artery before the fluid administration and immediately after the completion of the fluid administration. The blood samples were coded so as to make the researcher analyzing the samples blind about the time of collections and the groups. The arterial sample was sent for blood gas analysis and the venous sample was sent to assess serum electrolytes and serum albumin levels.

The value of serum electrolytes and albumin were applied in the simplified Fencl-Stewart equation of Story *et al*., to ascertain the acid-base status of the patients both before and after fluid resuscitation. The equations were: (1) Sodium chloride effect (meq/l) on BE = \[Na^+^\] -- \[Cl^-^\] -- 38, (2) albumin effect (meq/l) on BE = 0.25× \[42 -- albumin (g/l)\], (3) unmeasured ion effect (meq/l) on BE = standard base excess (SBE) -- sodium chloride effect -- albumin effect. The acid-base status evaluated through Fencl-Stewart equation was compared with that obtained through arterial blood gas analysis.

Statistical methods {#sec2-1}
-------------------

Paired *t*-test was used for intra-group comparisons while unpaired *t*-test was used for inter group comparison. All through the study, a *P* of \< 0.05 was taken as indicative of statistically significant. Unless otherwise specified, all data are presented as mean ± SD.

RESULTS {#sec1-2}
=======

The demographic data was comparable in both the groups \[[Table 1](#T1){ref-type="table"}\]. The central venous pressure and mean arterial pressure increased significantly after resuscitation with NS and RL \[*P* \< 0.05, [Table 2](#T2){ref-type="table"}\]. The blood pH (7.21 ± 0.05) and standard BE (-8.09 ± 3.90 meq/l) significantly decreased (*P* \< 0.05) in patients receiving NS. They did not decrease significantly in patients' receiving RL (7.29 ± 0.07 and -- 5.41 ± 2.73, *P* \> 0.05). The AG did not change significantly in both the groups \[[Table 3](#T3){ref-type="table"}, [Figure 1](#F1){ref-type="fig"}\].

###### 

Demographic profile of the patients in both groups
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###### 

Changes in central venous pressure and mean arterial pressure following normal saline and Ringer\'s lactate administration
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###### 

Changes in acid base, serum electrolytes, and albumin levels in both the groups
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![Changes in pH following infusion of normal saline and Ringer\'s lactate](IJCIIS-3-206-g004){#F1}

The serum Na + and Cl^-^ level increased significantly to 140.07 ± 6.36 meq/l and 119.97 ± 5.03 meq/l (*P* \< 0.05), respectively, after resuscitation with NS. It did not increase significantly in patients receiving RL (138.92 ± 4.50 meq/l and 110.83 ± 3.50 meq/l, *P* \> 0.05). Whereas the serum albumin level significantly (*P* \< 0.05) decreased in NS group (22.23 ± 4.55 g/l) and RL group (21.47 ± 3.71 g/l). However, the change in albumin level was not statistically significant between the groups \[[Table 4](#T4){ref-type="table"}, [Figure 2](#F2){ref-type="fig"}\].

###### 

Changes in sodium chloride, albumin, and unmeasured anion effect on base excess in both groups
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![Changes in serum base excess, Na^+^, Cl^--^, and anion gap following infusion of normal saline and Ringer\'s lactate](IJCIIS-3-206-g006){#F2}

The sodium chloride effect (meq/l) on BE significantly increased to -- 17.90 ± 4.96 meq/l (*P* \> 0.05) in patients receiving NS. The increase was not significant in RL group patients (--9.91 ± 5.66 meq/l, *P* \> 0.05). The albumin effect on BE significantly increased (*P* \< 0.05) in both NS group (4.94 ± 1.14 g/l) and RL group (5.13 ± 0.9 g/l). However, there was no significant difference in albumin effect between the groups \[[Table 4](#T4){ref-type="table"}, [Figure 3](#F3){ref-type="fig"}\].

![Changes in standard base excess, NaCl effect, albumin effect, and unmeasured anion effect on base excess following infusion of normal saline and Ringer\'s lactate](IJCIIS-3-206-g007){#F3}

The NS and the RL administration did not significantly change unmeasured ion effect on BE. However, when measured standard BE level was compared with the level of unmeasured anion (UA) effect on BE, there was a significant difference in both the NS group (--8.09 ± 3.90 vs. --4.87 ± 0.89) and RL group (--5.41 ± 2.73 vs. 0.55 ± 0.09). The level of UA effect on BE was significantly lesser than standard BE in both the groups \[*P* \< 0.05, [Table 4](#T4){ref-type="table"}, [Figure 3](#F3){ref-type="fig"}\].

DISCUSSION {#sec1-3}
==========

In the present study, the measured pH and the standard BE in the blood decreased (base deficit increased) significantly causing acidosis after administration of NS. On the contrary the change in pH and SBE was not significant in RL group. The normal PCO ~2~ level indicates that it was purely metabolic or non-respiratory acidosis. However, the AG in both the groups was within normal range despite metabolic acidosis. This indicated that the acidosis was primarily due to hyperchloremia caused by the chloride component of both NS and RL.\[[@ref6][@ref7]\] Moreover, the high chloride ion in NS as compared to RL could be probably the cause of increased acidosis in patients in NS group. In addition, since, the chloride ion gets metabolized slowly as compared to the lactate ion,\[[@ref8]\] the hyperchloremia persists for a prolonged period of time resulting in persistent acidosis. This was in accordance to the previous authors.\[[@ref9][@ref10]\]

Fencl and Stewart analyzed the acid-base status with the help of SID, where sodium and chloride ions were the principal contributor to the SID. Changes in sodium and chloride can be used to calculate directly the major changes in the SID. As the SID (difference between sodium and chloride) decreases the blood becomes more acidic.\[[@ref1]\] Prough,\[[@ref8]\] in his review article, mentioned that dilutional acidosis usually is hyperchloremic because the increased chloride concentration is altered slowly, whereas other commonly infused anions are likely to be metabolized or excreted. Further, Skillette *et al*.,\[[@ref6]\] were of the opinion that solutions like RL with multicarbon anions contains Cl^-^ and Na + in concentrations similar to plasma and are more physiological and may be less likely to acidify plasma. Similarly, in our series when the individual values of sodium and chloride were incorporated in the simplified equation (sodium chloride effect (meq/l) on BE = \[Na^+^\] -- \[Cl^-^\] -- 38), the NaCl effect on BE was significantly decreased in NS than in RL, indicating that NS was more acidic. This was similar to the trends observed in measured pH and BE in arterial blood gas.

In the present study, there was a fall in pH by 0.11 after NS infusion. This should have led to a corresponding decrease in BE by approximately 7.5 meq/l. Instead, there was only 3.52 meq/l decrease. This could be due to metabolic alkalosis, which had partially offset the metabolic acidosis. The reason for this hidden metabolic alkalosis leading to disparity between the pH and BE could be easily identified with the help of simplified Fencl-Stewart equation. Since, albumin is the principle contributor to the plasma total weak acid-concentration any change in the concentration of albumin will change the anionic effect of albumin.\[[@ref9]\] In our patients, rapid administration of fluids both NS and RL, led to decrease in plasma albumin level in both the groups because of dilutional hypoalbuminimia. The decrease in serum albumin level increased the albumin effect on BE (albumin effect on BE \[meq/l\] =0.25× \[42 -- albumin \[g/l\]), ultimately leading to alkalosis.\[[@ref11][@ref12]\]

BE caused by UAs represents the corrected BE, taking into account changes in Na^+^, Cl^-^, PCO~2~, and albumin. Theoretically, it should reflect metabolic changes better than the less complete biochemical measurements, BE or AG.\[[@ref3]\] In the present study, the corrected BE (UA effect) decreased after resuscitation with fluids in both the groups. However, the corrected BE (base deficit), which was calculated using the UA effect on BE, was less as compared to the measured standard BE. This was probably because the standard BE is derived by the ABG machine using the Handerson-Hasselbach equation. Whereas the UA effect on BE (corrected BE) is calculated using the NaCl effect and the albumin effect of BE. The albumin effect on BE, which identifies the hidden metabolic alkalosis probably partially offsets the metabolic acidosis observed in the measured standard BE. Hence, there was a difference between the measured BE and the UA effect on BE (BE caused by UA = BE -- (sodium chloride effect on BE + albumin effect on BE).

Most of the studies are usually influenced with some degree of bias. Our study comprised of administration of two different types of fluids. Since, the types of fluids were obvious from their outer-label we could not make the study double-blind. However, we tried to make the study free from bias by designing the study in such a way that it would not have observer variability. There were no subjective parameters. All the parameters were recorded from the monitors that were of the same make. Further, the samples were coded to avoid observer bias.

We, therefore, conclude that simplified Fencl-Stewart equation derived by Storey *et al*. is effective and easily remembered method of identifying a mixed acid-base disorder (metabolic acidosis with metabolic alkalosis), which otherwise would have remained undetected. Further, both quantitative and qualitative analysis of acid-base derangements could be possible with this method. It can be implied that the measured standard BE may not be the true projection of the clinical scenario. This approach can derive the corrected BE and guide the clinician to manage accordingly. In addition, administration of NS can lead to increased acidosis in comparison to RL. It could be detrimental in critically ill patients with existing acidosis. However, a further study may be conducted to compare the outcome of patients resuscitated with both type of fluids.
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